Results. Of the estimated 85,446 family-owned farms in Kentucky with at least one tractor, an estimated 55.6%, or 47,5 1 5 farms, do not have a tractor equipped with a rollover protective structure. Few tractors that are I0 years old or older were found to be equipped with seat belts; no tractors that were more than 20 years old were equipped with seat belts.
Conclusions. Kentucky, with an estimated 25 to 30 tractor-related fatalities each year, may contribute up to 20% of the total number of farm tractor fatalities in the nation. The overall prevalence of rollover protective structures on tractors in Kentucky is lower than estimates for other states as reported in national survey data. The study's findings suggest the need to target smaller farms with one or two tractors for retrofitting of rollover protective structures and for tractor safety programs.
B ROW N I NG ET AL.
A mong agricultural hazards, the farm tractor has been associated consistently with the greatest number of farm fatalities.'"3 The National Safety Council recently reported an overall tractor fatality rate of 8.2 deaths per 100,000 tractors.3 Farm tractors account for between 150 and 300 deaths annually across the nation, with approximately 50% of these deaths due to overturns. 4 Tractor overturn has been documented as the most common cause of injury death in the agricultural industry.f57 One of the goals of Healthy People 2000 is to reduce the farm worker fatality rate, and focusing attention on the hazards associated with the operation of the farm tractor should help achieve this goal. Sample. The Farm Family Health and Hazard Surveillance Project used two-stage cluster sampling to construct the sampling frame. A brief description follows; further details can be found in an earlier publication. '6 At the first stage, a sample of 60 counties was selected from the 120 Kentucky counties using probability proportional to size sampling, where size was the number of farms in each county based on the 1987
Censits of Agricultuire for Kentucky.'7 Several counties were excluded before sampling, based on logistical considerations such as the likelihood of cooperation from farmers, the availability of telephones, and the low density of farms within the county. The farms in the 60 counties in the survey were found to be representative of the farms in the state as a whole in terms of acreage, employment status of principal operator, and other demographic characteristics of the principal operator. '6 A systematic sample of the single proprietor family farms in each of the 60 counties was selected from a listing maintained by the Kentucky Agricultural Statistics Service.'8 Within each county, the list of farms was ordered by size (acreage) and every nth farm was selected to enumerate approximately 125 farms per county. The six counties that contained the largest number of farms were oversampled to obtain the desired sample size for statistical purposes.
Telephone survey. The Farm Hazard and Demographic Enumeration Survey (FHADES) was a short telephone survey conducted from May through Novem-SCIENTIFIC CONTRIBUTIONNS' ber 1994 of 9617 farms from the sample. Survey staff asked farmers about the number of tractors used and the number that were ROPS-equipped. A total of 8271 farms participated in FHADES, for a response rate of 86%. These farms represented 9.3% of the estimated 88,837 eligible, single-proprietor family farms in the state. Here we report the results of the survey for 8086 farms (98% of respondent farms) for which complete data on the variables of interest were available.
To examine regional variation in the distribution of tractor safety features, we used the climatological regions of the state (Eastern, Bluegrass, Central, and Western), estimating farm totals in these regions by summing the county-level estimates of family farms in the counties within each region as reported in the 1992
Census of Agriculture for Kentucky.'0 In accordance with traditional survey analysis procedures,'9'20 we used the percentages calculated from the FHADES data to develop estimates of the number of farms by ROPS status for each of the four regions and for the state as a whole.
We also performed parallel analyses, using the tractor, rather than the farm, as the unit of analysis.
Site visits. Site visits were made from September 1994 through July 1995 to a convenience subsample of 138 of the 8271 farms responding to FHADES. 16 This subsample was selected from farms on which at least one household member was a male age 55 years or older who actively worked on the farm. An industrial hygienist and an agricultural engineer from the University of Kentucky inspected the 259 tractors in use on these farms and recorded information on the make, model, and year of manufacture; the presence or absence of ROPS, seat belts, power take-off shields, and other safety features; and use of the tractor. The site visitors also subjectively assessed whether each tractor was in good condition. We looked at the percentages of tractors with a given safety feature by the age of the tractor.
Data analysis. We used SAS software for the data analyses, calculating confidence intervals for estimates from this complex survey using SUDAAN software.2"22 We analyzed data from the convenience sample of farms at which on-site inspections were conducted with simple random sample descriptive statistics using SAS. Table 4 shows the distribution of safety features by tractor age categories. Although 79% of the tractors that were 10 years old or newer were equipped with rollover protection, only 32% of the tractors in the 11-to 20-yearold category were ROPS-equipped, and none of the tractors that were more than 20 years old were ROPSequipped. Few tractors that were more than 10 years old were equipped with seat belts, and none of the tractors older than 20 years were equipped with seat belts. A subjective evaluation of the maintenance and condition of the tractor, performed by the industrial hygienist and agricultural engineer, found that nearly 91% of the 10-yearold or newer tractors were in good operating condition while 53% of the tractors that were older than 10 years were in good condition. In addition, the majority of older tractors were missing PTO shields and "slow moving vehicle" signs.
DISCUSSION
The results of this study suggest that the large majority of tractors on family-operated farms in Kentucky are B ROW NI NG ET AL not equipped with rollover protection. Our data also suggest that Kentucky has a lower overall prevalence of ROPS-equipped tractors than other states.43 1 This may be understandable given that other studies included farms with larger acreage as well as commercial farms; our data highlight the potentially greater hazards for family-operated farms in Kentucky and most likely in other states as well.
A primary objective of hazard surveillance is to identify populations at highest risk so that intervention efforts and resources can be appropriately focused. 5-1950-1955-1960-1965-1970-1975-1980-1985-1990-9 1954 1959 1964 1969 1974 1979 1984 1989 1995 Year tractor manufactured ective structure SC,IENT IFI C CON TR IBUT IONS' data approximate the distribution of ROPS-equipped tractors in the state.
NIOSH has estimated that the current rate of rollover fatalities would be reduced 71% if all tractors were equipped with rollover protection.'3 In Kentucky, this would mean retrofitting approximately 140, 123 tractors. Conservatively estimated, the cost of retrofitting existing tractors, excluding costs for administration of the program and enforcement, would be $140 million. Projecting a 10-year time period for a program to retrofit existing tractors, a ROPS effectiveness of 71%, and an annual tractor-related fatality rate of 27 deaths per year, we estimated the cost per life saved to be $731,000. This cost estimate is similar to figures generated by more refined cost-effectiveness analyses. 4, 24 Given the current limited political support for farm safety regulatory programs, national legislation mandating ROPS-equipped tractors is unlikely. Reducing tractor-associated fatalities and injuries will require statewide and community intervention programs that encourage the voluntary retrofitting of tractors that can accommodate ROPS, retirement of older model tractors, and education regarding safe tractor operation and the importance of farm tractor safety equipment including seat belts, power take-off shields, and "slow moving vehicle" signs.
